Abstract: Efficacy of different mosquito attractants was invesigated at four sites in three plant communities (GalioSalicetum albae, Populetum nigro-albae, Genisto elatae-Quercetum roboris) of flooded and forest habitats in Kopački rit Nature Park, Croatia. The attractants were: dry ice, horse urine, horse urine + acetone, acetone, 1-octen-3-ol and ammonium hydroxide baited CDC traps. A total of 11,441 mosquito specimens of 12 species were collected. Aedes vexans (91.43%) was the most numerous species. A statistically significant difference between the efficacy of dry ice and the other attractants was shown, whereas there was no difference between the other attractants. A greater number of specimens and species number were noted in the flooded plant communities (Populetum nigro-albae). The response of Ae. vexans to dry ice was higher in flooded sites, and it was significantly lower in forest habitat (Genisto elatae-Quercetum roboris) according to fuzzy c-means cluster analysis. The same analysis shows a higher efficacy of other attractants (horse urine, horse urine + acetone, acetone, octenol and ammonium hydroxide) in forest habitat when compared to the flooded area habitats.
Introduction
In an effort to find adequate control methods to ground and aerial applications of chemical insecticides for mosquito control, several host emanations (carbon dioxide [CO 2 ], 1-octen-3-ol [octenol] , butanone) have been evaluated against mosquitoes associated with a variety of habitats including salt marshes, mangrove swamps, phosphate mining pits, rice field, and livestock holding areas. Mosquitoes associated with these habitats varied greatly in their responses to different release rates and combinations of these attractants (Kline 1994) . Rudolfs (1922) first reported the value of different compounds (alanine, ammonia, cholesterol, haemoglobin, phenylalanine, vaseline) as attractants for mosquitoes. Newhouse et al. (1966) showed that, when CO 2 was used with Centers for Disease Control (CDC) light traps, mosquito collections increased 4-fold and the number of species collected increased by 20-26%. Besides CO 2 , numerous other substances have been shown (butanone, honey extract, octenol, L-lactic acid, phenols, 4-methylphenol, 3-n-propylphenol, ammonium etc.) to attract mosquitoes (Kline et al. 1990; Bosch et al. 2000; Mihok et al. 2007; Merdić et al. 2007 ). Of these, octenol appears the most promising (Cooper et al. 2004) .
During the last decade much attention has been given to different attractants for collecting mosquitoes (Miller et al. 2005; Hurk et al. 2006; Kline 2006) . Rueda et al. (2001) compared attractants and their combinations, noticing different relationships in the responses of mosquitoes collected in different habitats (salt marsh and inland creek flood plain). Thus, baited adult traps could have real value in accruing more target species during mosquito-borne virus surveys (Kline 1994) . The flooded and forest habitat types which are in Kopački rit Nature Park are ideal for mosquito development. Mosquitoes are insects which live in a world of scents; according to Jordan (1995) efficacy of the attractants depend on the species and the relationships between the species and habitat. During this study different attractants were used to collect mosquitoes in order to observe any differences in response or effectiveness between the flooded and forest habitats within Kopački rit Nature Park and between the different attractants.
Material and methods

Study area
One of the largest remaining floodplain areas in the whole of Central Europe lies where the Danube and Drava rivers meet. Including territories belonging to Hungary, Croatia and Serbia, this boundary area stretches from Szekszard in Hungary downstream to Dalj in Croatia and Bogojevo in Serbia. The main features of the Danube floodplain are its regular floods and dynamic water regime, the consequent sedimentation processes that create the typical floodplain relief and its outstanding biodiversity.
The Kopački rit Nature Park is situated in the northeast of Croatia (45 • 34 N, 16 • 24 E), just in the corner made by the confluence of the Drava with the Danube River. Kopački rit spreads over some 100 km 2 , (Fig. 1) it is an oval 8-10 km long and 7-9 km wide. The largest part of Kopački rit lies between 81.5-82.5 NN. In spite of its monotonous 546 E. Merdić et al. Fig. 1 . The investigated area of Kopački rit Nature Park. Localities: 1 -Čonakut (Galio-Salicetum albae); 2 -Hordovanj (Populetum nigro-albae); 3 -Kopačko lake (Galio-Salicetum albae); 4 -Tikveš (Genisto elate-Quercetum roboris).
lowlands, the structure of Kopački rit is very complex. Shallow oval or crescent formed recesses and channels directly connect Kopački rit with the Drava and Danube allowing flood waters to penetrate into the marsh. The central part of the marsh is occupied by a large permanent water body, Kopačko Lake (ca 200-250 ha). The banks of the lake gradually change into marshy meadows.
Because of specific micro relief, habitats in Kopački rit directly depend on water regime, length and level of flood. Diversity of plant communities (predominantly forest, marsh and water) is present here. The lowest flooded terrains are covered with an association of Galio-Salicetum albae. Here the floods are often, long lasting and necessary if they don't last too long. The community is monotypic with white willow trees only. A bush layer does not exist (Rauš 1976) . On slightly higher terrain where the floods are shorter and smaller the association of white willow and black poplar (Salici-Populetum nigrae) develops. This forest is represented by an subassociation of Salici-Populetum nigrae rubetosum caesii, where in the bush layer blueberry (Rubus caesius) dominate. On the highest flooded terrains an association of black and white poplar (Populetum nigro-albae) develops. Areas of Kopački rit out of reach of flood are covered with oak forest association (Genisto elatae-Quercetum roboris). The best indicator of stagnant and underground water is Carpinus betulus. This species grows in terrains where stagnant and underground water does not exist and spreads on terrains out of reach of flood. In temporarily flooded areas, vast sections of the marsh are overgrown with associations of common reed and high sedges (ScirpoPhragmitetum), and communities of high sedges (Caricetum elatae) which give a characteristic wetland look. A total of 40 plant communities and more than 300 plant species represent a great vegetation diversity in Kopački rit (Topić 1989 (Service 1976) were used in every instance. The traps were baited with 6 different attractants: dry ice (9 kg), horse urine (40 ml), a combination of horse urine (10 ml) + acetone (30 ml), acetone (40 ml), octenol (4 ml) and NH4OH (4 ml).
The liquid attractants were placed in small glass containers 3 cm in diameter and 5 cm high. To facilitate the setting up of liquid attractants, the glass containers were placed in plastic 500 ml cups that were tied with a wire to tree branches. Cotton strips were placed in the attractants and hung over the lip of the cup to increase the range of the attractants scent. The horse urine had been collected in the early morning from the same horses, and left for 14 days in the sun. Other attractants used were uncontaminated (Acetone -0.791 kg L −1 , Kemig d.o.o., NH4OH -25%, Alkaloid Skopje, 1-octen-3-ol 98%, Aldrich). Because dry ice sublimates at 400 ml/min (Van Essen et al. 1994; Johansen et al. 2003) we calculated that 9 kg would be enough for 24 hours. Octenol was released at a rate of 4.5 mg/h from 5-ml vials attached adjacent to the opening of the trap cylinder (Van Essen et al. 1994 ).
Field trials
Trapping was carried out 12 times in the field from September 2006 to October 2007. At every location six CDC traps with different attractants were set. The distance between the traps was 50 m (according to Hurk et al. 2006) . Traps were set up at a height of about 1.5 meters above ground and operated for 24 hours. Identification of mosquitoes and nomenclature followed Gutsevich et al. (1970) , Schaffner et al. (2001) and Becker et al. (2003) .
Statistical Analysis
A one-way ANOVA with post-hoc pair-wise comparisons (Tukey) was used to compare efficacies of the various attractants. Differences were considered not significant for P > 0.05. Explanations: CO 2 -dry ice; U -horse urine; U + A -horse urine + acetone; A -acetone; O-1-octen-3-ol; NH 4 OH -ammonium hydroxide.
Traditional clustering algorithms generate partitions of data where each data instance belongs to one and only one cluster. Fuzzy clustering on the other hand associates each data instance with a membership function for each cluster. The output of such clustering is not a partition of data, but an assignation of cluster memberships to all data instances. Each cluster is a fuzzy set of all data instances (Jain et al. 1999) . For the classification of the four sites fuzzy clustering statistical analysis was used. Fuzzy clustering analysis (Equihua 1990 ) was performed, in order to obtain classification of the sites. Fuzzy technique produces clusters of the assemblages of mosquitoes collected on each sites, according to their membership values. The numbers of fuzzy clusters are selected according to the higher partition coefficient.
All statistical tests were performed with R software environment (R Development Core Team 2007), using the "cluster" software package (Maechler 2008) .
Results
During the investigation a total of 11,441 specimens were caught that belonged to 12 species of the following genera: Aedes (3), Anopheles (4), Culex (2), Ochlerotatus (2), Cocquillettidia (1) ( Table 1) .
CDC traps that used dry ice as an attractant trapped 12 species; 5 species were trapped with acetone and NH 4 OH as an attractant; the attractant combination horse urine + acetone caught 4 species, and only three species were trapped with horse urine and 1-octen-3-ol (Table 1) . Out of the 12 species, Ae. vexans, Cx. modestus and An. messeae made up 98.52% of the catch, while the remaining species (Ae. cinereus, Oc. caspius, An. plumbeus, Oc. sticticus, An. claviger, Cx. pipiens, Ae. rossicus, Cq. richiardii and An. hyrcanus) made up 1.48% (Fig. 2) . Eudominant species during the research was the species of Ae. vexans which made up 91.43% of all mosquitoes captured.
The traps placed in the plant community Populetum nigro-albae (Hordovanj) trapped the largest number of mosquitoes (8,452) as well as the largest variety of species (11). In the plant community GalioSalicetum albae two locations were monitored and a difference in number and species composition were noted. Within that community the location Čonakut recorded a greater number of individuals (1,727) and species (10) trapped than did the location Kopačko lake which yielded 851 individuals and 9 species. At the location Tikveš, within the plant community Genisto elataeQuercetum roboris, the smallest number of individuals was collected (411), but the variety of species was surprisingly high (10) (Fig. 3) . The investigation in this study lasted two years (2006) (2007) . Two-way ANOVA without replication did not show a statistically significant difference between these years (P = 0.0024). Since there was no statistical difference, further analysis was carried out on the data from both years.
When comparing similarities between the attractants the only significant difference found was between dry ice and the other attractants (Tukey multicomparison test, P = 0.004). Figure 4 shows the statistical difference between every other attractant and CO 2 (CO 2 = horse urine, CO 2 = horse urine + acetone, CO 2 = acetone, CO 2 = octenol, CO 2 = NH 4 OH). The same statistical test compared the other attractants without CO 2 and showed no statistical difference.
On every investigation site CO 2 had the highest efficacy. The number of mosquitoes trapped with CO 2 was greatest at the Hordovanj site, with a plant community of Populetum nigro-albae, and it accounted for 98.7% of all mosquitoes captured. Similar values were recorded in other sites within flooded habitats (Table 2). The amount of mosquitoes captured with CO 2 Explanations: CO 2 -dry ice; U -horse urine; U + A -horse urine + acetone; A -acetone; O-1-octen-3-ol; NH 4 OH -ammonium hydroxide. at Tikveš, with a plant community of Genisto elataeQuercetum roboris, resulted in 86.4% of all captured mosquitoes, significantly less than flooded habitats but still far superior to all other attractants. The analysis of the sites with Fuzzy c-means cluster resulted in two clusters (within error 2.45). Cluster I is made of three sites: Čonakut, Hordovanj and Kopačko lake because attractant CO 2 had a much higher efficacy than other attractants. Cluster II is made of only one site, Tikveš, because the efficacy of CO 2 was less (Table 3) .
Clusters formed without CO 2 data again showed that Tikveš site made a separate cluster (within er- ror 2.09). On that site the other attractants: horse urine, horse urine + acetone, acetone, octenol, NH 4 OH showed a higher efficacy than in the other sites (Table 4). If divided into three clusters with all attractants the results are: cluster I-Hordovanj, cluster II-Čonakut and Kopačko jezero and finally cluster III-Tikveš (within error 1.06). Results without CO 2 data are: cluster I-Čonakut and Hordovanj, cluster II-Hordovanj and Kopačko lake and Cluster III-Tikveš (within error 0.91).
These results indicate that the Tikveš site has a distinct characteristic compared to the other three investigation sites. 
Discussion
During previous research in Kopački rit, 19 mosquito species were noted (Merdić et al. 2004) . Within the fauna of Kopački rit, during this investigation 12 mosquito species were found, of which 7 (Ae. vexans, Oc. sticticus, Ae. cinereus, An. messeae, An. hyrcanus, Cx. pipiens, Oc. caspius) have breeding sites within flooded area of Kopački rit (Merdić et al. 2004 ) which in certain situations can produce huge populations. The reason that the population of Ae. vexans can become so large (91.41%) is that this species finds ideal breeding conditions in Kopački rit: shallow swamps with or without vegetation and enough sunlight on that places major role as fluctuation of the water level which produce new generations. Furthermore, Ae. vexans is an autogenous species (Horsfall et al. 1973 ) which probably accounts for its making up to 95% of the mosquito population in the area (Merdić 1993) . Two other species, Cx. modestus and An. messeae, also occur in big numbers, and the remaining species are usually rare. During a year of average flooding, the composition of mosquito fauna does not vary (Merdić 1993 ) but a flood of long duration brings changes in mosquito fauna (Merdić & Sudarić 2003) , as do long dry periods. The floods of the Danube and Drava rivers, therefore, have a big impact on the flora and fauna of Kopački rit as a wetland habitat.
Studies have shown a variety of responses to different mosquito attractants. Many studies show that CO 2 is one of the best attractants (Dekker et al. 2005; Cooperband & Cardé 2006; Merdić et al. 2007) . Results in this research support this thesis. An ANOVA test shows a statistically significant difference between attractants. The Tukey multicomparison test used proved a statistically significant difference between dry ice and other attractants. Other attractants within this study do not differ significantly. As expected, CO 2 had the highest efficacy at all sites.
A difference in the qualitative and quantitative mosquito compositions in different habitats is expected and noted in many papers (Rueda et al. 2001; Cooper et al. 2004; Pope et al. 2005; Dale et al. 2008) . However, this study points out the relatively small number of species within the association of Genisto elataeQuercetum roboris caused by consecutive dry seasons, while previous research had shown a large number of species in this habitat (Merdić & Lovaković 1999) The Fuzzy c-means cluster analysis was used because of its reliability and the nature of the data, more specifically because of probability to classify each element to a cluster (Equihua 1990; Jain et al. 1999) . The results show that the sites of Čonakut, Kopačko lake and Hordovanj are very similar, but Tikveš is different. Tikveš made a separate cluster because on this site the efficacy of attractants (dry ice and others) is significantly different from the other sites.
Small differences recorded between the sites of Čonakut, Kopačko lake and Hordovanj are most likely the result of a difference of vegetation. All three mentioned sites lie in flooded areas, and the vegetation is basically characterized as open forests. Rare and relatively low trees without bushes (Topić 1989) enable big drafts to circulate through the habitat and odors can easily disperse through the area and out of the system. In this case the odors came only from trap attractants spreading through the habitat.
The results of long term investigations (10 years) in Kopački rit have shown that the Hordovanj site has the biggest number of mosquitoes (Merdić & Lovaković 1999) . That site is covered by plant community Populetum nigro-albae, which is open, but with a dense low bush layer dominated by blueberry (Rubus caesius).
This bush layer serves mosquitoes as a perfect shelter from different climate factors.
The site Tikveš with oaks (Genisto elatae-Quercetum roboris) represents typical forest habitat. In that site the number of mosquitoes depends on migrations from flooded areas of Kopački rit. This is because immediately after emergence, adult mosquitoes begin migrating (Bidlingmayer 1985) , proceeding in several steps that depend upon such factors as wind directions and velocity, the reserves of the mosquitoes and meteorological conditions. However, the richness of mosquito fauna correlates directly with spring rainfalls. Investigated years within this work were dry, for example, and in such conditions fewer mosquito species developed. Oak forest is characterized as distinctly closed with high trees and a dense crown of trees, with a dense bush layer also. In such closed conditions the wind is weak and there is a greater possibility of other odors present. In these conditions response of mosquitoes to odors other than CO 2 is higher. The presence of many animals (breath) and plants (especially Leguminozae) are a trigger that make mosquito receptors keen to other odors.
Since Ae. vexans is predominant in all sites, the possibility of other species accounting for any differences observed is excluded. Therefore different attractant efficacy at Tikveš site cannot be explained by the presence of other mosquito species which might have had a specific and unique response to investigated attractants. On the basis of this investigation it cannot be explained which factors from the environment caused Ae. vexans, to be more sensitive to other attractants at the Tikveš site, nor what factors influence other parameters (distribution and concentration) relevant for attractant efficacy. But this study does show a different efficacy of attractants at Tikveš site when compared to the other sites. Since this site differs in vegetation, water regime and abiotic factors (microclimate, humidity, wind velocity, etc.) compared to the other three sites, it raises new questions for further investigation about which factors influenced these results.
